Introduction 20
In recent decades, the scientists are debating about global glacier shrinkage and its consequences on sea level rise and the mountain ecosystem (Rees et al., 2006; Immerzeel et al., 2010; Gardelle et al., 2012) . The western Kunlun Mountain and its surrounding glaciers are a focus of public and scientific debate (Hewitt, 2005; Kang et al., 2010; Yao et al., 2012; Gardelle et al., 2012; Gardner et al., 2013) . Glaciers located on the western Kunlun Mountain (WKM), Karakoram and Himalaya represent the largest ice masses in the world, outside the Polar regions (Smiraglia et al., 2007) . They are at the 25 headwaters of many prominent rivers and play an important role in the water tower of Asia (Yao et al., 2012) . Among these regions, most reports indicate that emerging indications of stability or mass gain in the Karakoram and WKM in the early 21st century (Yao et al., 2012; Kääb et al., 2012; Gardelle et al., 2012; Bolch et al., 2012) . In contrast, glaciers in the Himalaya are reported to be diminishing rapidly (Bolch et al., 2011) . These contrasting glacier changes may result from a pattern of climatic change in WKM and Karakoram, which is different from that in the Himalaya (Kapnick et al., 2014; Wiltshire et al., 2014) . In 30 fact, the WKM and Himalaya glaciers continue to be interesting to glaciologists, lacking of accurate long span glacier change results and a poor understanding of the processes affecting them, makes imperative deep analysis.
Glacier elevation changes in Himalayas and its surroundings are of major concerns (Bolch et al., 2012) . Quantification of these changes are often based on the "geodetic" method (Finsterwalder, 1954; Krimmel et al., 1999; Cox et al., 2004; Haug et al., 2009; Zemp et al., 2010; Fischer et al., 2011 ) by comparing two maps or DEMs (Digital Elevation Models) of the same 5 area from different years (Arendt et al., 2002; Abdalati et al., 2004; Rivera et al., 2005; DeBeer and Sharp, 2007; Berthier and Toutin, 2008) . ICESat (Ice, Cloud and land Elevation Satellite), GRACE (Gravity Recovery and Climate Experiment) combined with Shuttle Radar Topography Mission (SRTM) has been used to estimate glacier thickness changes in the early 21st century (e.g., Zhang et al., 2011; Kääb et al., 2012; Phan et al., 2012; Gardner et al., 2013) . The quantification of glacier thickness change for a long span in the WKM is hampered by a lack of sufficiently distributed and accurate repeated surface 10 topography data. So far, there is no reports on the changes in glacier elevation in the WKM before 2000.
In this paper, we address the current state of glaciers and make efforts in understanding glacier change processes in the WKM. The main goals of this paper are to derive decadal glacier area and thickness change, and also to give possible climatic drivers for glaciers change in the WKM region.
Data and methods 15
To quantify glacier extent changes in WKM, we collect the glacier outline data from the first glacier inventory in China (CGI1) accomplished in 2002, and the new Chinese glacier inventory (CGI2) freely released in 2014, which is available at http://westdc.westgis.ac.cn/glacier/view/. CGI1 data for WKM are updated by means of manual delineation of glacier extents on the topographic maps (1:100 000) corrected by aerial photographs taken between 1968 and 1976. CGI2 database is constructed using 218 Landsat TM/ETM+ images acquired from 2004 to 2011 based on band ratio segmentation method in 20 combination with manual improvements in accordance with the guidelines of the Global Land Ice Measurements from Space (GLIMS) (Racoviteanu et al., 2009 ). The resulting glacier extent error is estimated to be ±3.2% (Guo et al., 2015) . The CGI2 data for the WKM were generated using cloud-free Landsat TM scenes obtained between 19 August 2007 and November 2011.
We also use a quality-controlled glacier inventory for Asian high mountains (GAMDAM) (Nuimura et al., 2015) , which provides manual delineation of glacier outlines over WKM by means of ortho-calibrated Landsat ETM+/TM scenes during 25 1999-2002 , and the Global Land Survey digital elevation model (DEM) 2000 and high resolution Google EarthTM imagery.
Two DEMs from different years are used to evaluate the elevation change between the 1970s and 2000. The DEM in 1968 -1976 was created by interpolating the digitized 50 m equidistant contour lines and elevation points from the topographic maps (1:100 000). The other one is the hole-filled DEM generated by SRTM version 4.1 with C-and Xband SAR from 11 to 22 February 2000 at EGM 96 orthometric heights with 90 m pixel resolution. We firstly calculate the 30 difference of DEM70 relative to SRTM-DEM by excluding non-stable terrain such as (rock) glaciers, ice-cored moraines, and lakes. Then to minimize the elevation error, DEM70 is co-registrated to SRTM-DEM using the relationship between elevation
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Gridded air temperature at 2 m above ground data for the regions at latitudes 33-39oN, and longitudes 71-82oE covering the WKW and Karakoram from nine reanalyses with varying resolutions are also used, i.e., ECMWF Interim Re-Analysis 
Uncertainty 15
The uncertainty of the glacier area is estimated using buffering method. We buffer the glacier polygons for the topographic maps at scale of 1:100 000 (CGI1) with 25 m, and CGI2 and GAMDAM with half of Landsat TM image pixels (15 m) . Then buffered areas are calculated by multiplying total pixel bounded by each buffered glacier polygon and one pixel area. The resulting uncertainty of the glacier areas is 4.3 % for CGI1, and 3% for CGI2 and GAMDAM.
The uncertainty of the glacier elevation change is calculated using the two DEM difference through non-stable terrain 20 exclusion, and outliers and curvature effects are also considered. Elevation change uncertainty is estimated to be ±0.09 m yr -1 .
Results
The WKM glaciers cover an area of 8817.78 km2 in 1968-1976, and shrink to 8408.83 km2 in 2007-2011, indicating rates of area reduction 4.6 % in the last 40 years. According to the GAMDAM glacier inventory, the total area of WKM 25 glaciers is 8380.71km2 during [1999] [2000] [2001] [2002] . The difference between the area values of 2000s and 2010s is not significant. The decline of surface elevation mainly occurred in the glacier tongue areas (Fig. 2) . The surface elevation of the WKM glaciers decline with a rate of 0.08±0.09 m yr-1 from 1970s to 2000.
Glacier changes on the Tibetan Plateau and surrounding regions are spatially heterogeneous (Fig. 1) (Wei et al., 2014) . Compared to the regions described above, 5 glacier areas on the northwestern Tibetan Plateau are most stable. Over WKW, the area reduction rate is only 0.12 % yr (Minora et al., 2016) . For the whole Karakoram, only 8 % of the glaciers recess from 1976 to 2012 (Rankl et al., 2014) .
It is apparent that glaciers on the western, especially the northwestern Tibetan Plateau remain stable.
Discussion 10
Difference in glacier variation at different regions may be related to a larger-scale meteorological or climatic feature, and peculiarities of the regional topography or glacier attributions (e.g. size, type, hypsometry, avalanche contribution; Hewitt, 2011) . Temperature is one of the most important factors controlling the glacier changes. On the Tibetan Plateau, the highest warming rates often occur between 4,800 and 6,200 m a.s.l. (Yao et al., 2012) . This elevation range contains the ablation altitudes of nearly all glaciers over the Plateau. We collect weather station records over the Tibetan Plateau to 15 estimate air temperature variation. The annual mean temperature shows significant increasing trends in most regions on the Tibetan Plateau (Fig.3) The results further confirm that the temperature variations showed little change from 2000 to 2014 for the northwestern Tibetan Plateau (Fig. 4) . 25
Precipitation is an important factor influencing the glacier variations on the Tibetan Plateau. It is mainly controlled by the interplay between the Indian monsoon in summer and the westerlies in winter (Yao et al., 2012) . Recent studies suggested weakening Indian monsoon and strengthening westerlies during the past decades (e.g., Yao et al., 2012) . We use the gridded precipitation fields from GPCP to examine the trends of annual and winter precipitation on the Tibetan Plateau during the period 1979-2014. Significantly upward annual precipitation trends exceed 6 mm yr-1 over the northwestern Tibetan Plateau 30 (WKM and Karakoram), and significantly downward trends (> 7 mm yr -1 ) happen over the Himalayas and Hengduan Shan.
On winter, WKM and Karakoram also experience significant precipitation increase (Fig.5) . Recently, Kapnick et al. (2014) The Cryosphere Discuss., doi :10.5194/tc-2016-165, 2016 Manuscript under review for journal The Cryosphere Published: 14 July 2016 c Author(s) 2016. CC-BY 3.0 License.
found that over Karakoram, its climatic seasonal cycle is dominated by non-monsoonal winter precipitation, which is different from the other regions on the Tibetan Plateau where glacier is type of summer monsoon accumulation. The same pattern also occurs on the WKM (not shown). Increase in precipitation especially during winter season may to great extent offset the effect of recent warming on the glacier variations over the northwestern Tibetan Plateau.
Previous studies suggest that the magnitude and timescale of a glacier's response to climate change also depend on 5 factors such as its size, surface slope, direction and its debris cover. Generally, larger and flatter glaciers tend to smooth the climatic signal, and respond to climate change with a delay of several decades (Kirkbride and Winkler, 2012) . This is the case for glaciers over the northwestern Tibetan Plateau (Shi, 2008) . In addition, the debris cover could slow down a glacier's response to climate warming by influencing its melt rate and terminus dynamics (Bhambri et al., 2013; Collier et al., 2013; Gardelle et al., 2012) . The mean debris cover is up to 10 % of the total glacial area in the Karakoram and Himalaya (Scherler 10 et al., 2011) . Scherler et al. (2011) concluded that the distinct response of Himalayan glaciers to climate change was partly attributed to differences in topographic variations and debris cover. However, Bhambri et al. (2013) found that the overall area covered by debris was only around 1.2 % of the whole ice cover over the northeast Karakoram. In addition, when examining the slight mass gain of Karakoram glaciers during the early 21st century, Gardelle et al. (2012) found that ice thinning and ablation at high rates could still occur on debris-covered glacier tongues. Therefore, these factors could not explain the 15 observed disparity between significant recent warming and weak change of glaciers over the northwestern Tibetan Plateau, owing to their extensive size and low debris cover (Yao et al., 2012; Scherler et al., 2011) . (Holzer et al., 2015) . Slight mass gain observation during the 2000s may reflect a regional-wide positive anomaly with increasing precipitation. In addition, the relative stable status of the glaciers in this region could be associated with regional air temperature variations. We find that the temperature variations show little change from 2000 to 2012 for the northwestern 25
Tibetan Plateau, compared with that during the period 1970-1999 as described above. In contrast, the temperature variations on the eastern Tibetan Plateau show persistent and strengthening warming in recent decade. This reveals that the warming slowdown may have partly result in the weak changes in glacier area and elevation of glaciers on the northwestern Tibetan Plateau in the early 21st century.
Conclusions 30
The analysis of the area changes reveals slight reduction (~4.6%) of the WKM glaciers in the last 40 years, and also shows area stability after 1999, evidence of the anomaly of glaciers in the WKM in contrast to a worldwide reduction of The Cryosphere Discuss., doi:10.5194/tc-2016 -165, 2016 Tibetan Plateau at high elevations in recent decades results in the removal of records for several decades and even more (Kang et al., 2015) . 5
The slight reduction of glacier over the northwestern Tibetan Plateau may be associated with peculiarities of the regional meteorological or climatic feature. More accumulation from increased winter precipitation partly offsets the glacier reduction resulting from significant warming during 1961-2000. Warming slowdown since 2000 happening this region also contribute to the slight glacier reduction, even mass gaining, especially for the early 21st century.
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